Summary. Serum 
Introduction
The oestrous cycle of the African elephant is not well characterized. Conflicting data have been reported for the length of the reproductive cycle in Asian and African elephants and the hormonal characteristics of the elephant oestrous cycle are unclear. Circulating concentrations of gonadal steroids are unusually low in female elephants compared with those in other mammalian species (Hanks & Short, 1972; Plotka et ai, 1975; Hodges et ai, 1983; McNeilly et ai, 1983; Hess et ai, 1983) and this has been problematical in resolving the steroid profiles in the cycle.
A thorough study by Hess et al. (1983) has demonstrated an oestrous cycle length of about 16 weeks in the Asian elephant based on changes in serum concentrations of progesterone. This is in marked contrast to previous reports of 3^1-week oestrous cycles based on behavioural obser¬ vations (Jainudeene/ ai, 1971; Eisenberg et ai, 1971) , vaginal cytology (Watson & D'Souza, 1975) , changes of oestrogen concentrations in blood (Chappel & Schmidt, 1979) and in urine (Ramsay et ai, 1981) . These discrepancies in cycle length, as proposed by Hess et al. (1983) , may have been due to: (1) small number of samples; (2) the use of immature bulls for Flehmen testing; and (3) the use of circulating oestrogen concentrations which may not be reliable indicators of the oestrous cycle in elephants.
Concentrations of gonadotrophins in the blood of the elephant have been measured (Chappel & Schmidt, 1979; McNeilly et ai, 1983; Hess et ai, 1983) (Terranova, 1981 ). Parallelism was demonstrated using different amounts ofserum; for progesterone, 0-1-0-3 ml were used and for oestradiol, 1-0-1-5 ml. Levels of sensitivity for the steroid assays were approximately 4 pg oestradiol/ml (1 ml samples) and 20 pg progesterone/ml (0-2 ml samples). Steroid concentrations below the limit of assay sensitivity were recorded as equal to the lower limit; i.e. oestradiol, 4 pg/ml (~1 5% of samples) and progester¬ one, 20 pg/ml (<5% of samples). Intra-and inter-assay coefficients of variation at 50% binding were 8-7% and 6-3%, respectively, for progesterone and 11-9% and 9-9%, respectively, for oestradiol. These calculations were based on duplicate determinations of 9 assays for progesterone and 5 assays for oestradiol.
The LH radioimmunoassay utilized rabbit anti-ovine LH (GDN No. 15) and 125I-labelled ovine LH (NIADDKoLH-I-3) as described by Niswender et al (1968) against NIADDK rat-LH RP-2 standard preparation. Sensitivity for the LH assay was 0-5 ng/ml (0-2 ml samples). Intra-and inter-assay coefficients of variation were 6-3% and 12-9%, respectively, for duplicates of 5 assays. This assay was validated for measurement of elephant LH by demonstrating cross-reactivity with purified elephant pituitary LH (see below).
Extraction of elephant pituitaries. The methods used for partial purification of elephant LH and FSH have been previously described in detail (Matteri et al, 1987a) . In brief, tissue from 3 frozen elephant pituitaries (2-5 g frozen weight tissue obtained by Dr . L. Lasley and Dr . Benirschke) was homogenized and extracted at pH 9-5. A portion (about 1%) of the initial extract was dialysed and lyophilized (designated PK-IE). The remainder of the extract was adjusted to pH4-5 with metaphosphoric acid, resulting in the precipitation of a fraction containing the growth hor¬ mone and prolactin. This precipitate was dissolved, dialysed and lyophilized, yielding 106 mg (PK-IMP). The glyco¬ proteins contained in the supernatant fluid were precipitated with NH4I2S04 (0-8 saturation, pH 70), dissolved, dialysed and lyophilized, yielding 44 mg (PK-IMS). Most of the glycoprotein fraction (42 mg) was then subjected to chromatography on a column of sulphopropyl-Sephadex C50. The unadsorbed (FSH) fraction (PK-2A) amounted to 35 mg. The absorbed fraction (PK-2B), containing LH and possibly TSH, yielded 3-3 mg.
Validation of LH assay. Tests of parallelism were performed between the rLH-PR-2 standard preparation and various elephant pituitary extracts. 125I-labelled oLH and antiserum to oLH were incubated with 01, 0-5, 10, 10, 100 and 500 ng/RP-2 (rat standard), e98a (equine LH standard) and elephant pituitary extracts PK-IE, PK-IMS, PK-IMP, PK-2A and PK-2B. Curves parallel to RP-2 and e98A standard curves were obtained for elephant pituitary extracts PK-2B, PK-IMS, PK-IE and PK-2A (Fig. 1) (Fig. 2a) . To determine the time course of LH surges during the preovulatory period, daily blood samples were taken during some of the transition periods from follicular to luteal phases. LH immunoreac¬ tivity remained near the lower limit of assay sensitivity (i.e. 0-5 ng/ml) throughout each period, excluding a single surge of LH in each sampling period (Fig. 3) . This sampling regimen resulted in detection of 5 distinct LH surges (Fig. 3) , at least one in each elephant. Due to concern about the stressfulness of daily bleeding, during subsequent periovulatory periods, samples were collected at 72-h intervals from Elephants and T. Two additional LH peaks were observed during these periods (Fig. 3 ). It appears from these results that peaks of LH were detectable for 24-48-h periods and that the LH peaks were closely followed by significant increases in serum progesterone concen¬ trations (Fig. 3) above 40 pg/ml. Values >40 pg/ml were considered as the beginning of significant rises because thereafter values always increased to at least 1-5 times that value (40 pg/ml). Rises in serum progesterone concentrations usually occurred 1-2 days after the LH peak (Fig. 3a, c, d , e, g) as measured in daily samples and always within 1 week (Fig. 3b, f) (Fig. 2a, b) ; both animals were in expected oestrus. LH remained at basal levels in all other samples taken weekly from each elephant (data not shown).
Serum progesterone concentrations during the luteal phase of 2 cycles (Elephant P, OctoberNovember 1986, and Elephant T, November-December 1986) revealed an unexpected pattern. Progesterone values remained increased (> 40 pg/ml) for about 2-3 weeks then declined to < 20 pg/ml (Fig. 2a, b) . The week after this decline, progesterone concentrations again increased and remained elevated for at least the next 5 weeks. During this period of low serum progesterone, Elephant exhibited a surge of LH (Fig. 2a) (Moss, 1983) , these signs are difficult to discern in a captive situation. Most of these signals relate to subtle social interactions with other females or with males. In the context of captivity, interpretations of such behaviour becomes very subjective. A very discrete Flehmen-like response has been described for Asian elephants in captivity (Rasmussen et ai, 1982) . African bull elephants have been observed to exhibit a similar urine-testing response (Moss, 1983) , but this has not been adequately described for captive elephants. Elephants and at the Kansas City Zoo were exposed to a mature bull during times of suspected oestrus. Urine testing by the bull was observed on two occasions, both times before mounting and intromission (Table 1) (Table 1) . In each case, the same female, Elephant P, was involved. All 3 matings were closely associated with increases in serum progesterone from follicular to luteal phase levels (Fig. 2a) were also detected within 1-2 days before or after mating on 2 of these occasions (Fig. 2a) . Daily blood samples were not being collected at the time of the other observed mating. When compared with cycles in which mating did not occur, mating did not alter the length of the subsequent luteal phase or the length of the next follicular phase.
In addition, elephant keepers at both the Kansas City and Sedgwick County Zoos noted periodic discharges of an amorphous, mucus-like secretion from the vulvar area of all 3 female elephants under study. These discharges showed a close temporal relationship with increases in serum progesterone concentration and during 5 periovulatory periods occurred within 2 days of an LH peak (Table 1 ; Fig. 2 ). The occurrence of these discharges was therefore taken as supplementary confirmation of oestrus. 2) or 8-9 weeks (n = 11) (Fig. 2) which may provide an hormonal basis for short and long cycles, respectively. Two elephants exhibited at least 1 short phase of progesterone secretion and each elephant exhibited at least 2 consecutive long phases of progesterone secretion (Fig. 2) . Secondly, our measurements of serum concentrations of LH showed one animal with two LH surges 3 weeks apart. A 3-week oestrous cycle may indeed be possible but a 13-14-week cycle seems more usual based primarily on serum concentrations of progesterone. The 3-week cycle may rep¬ resent a short luteal phase in which circulating progesterone concentrations decline prematurely as has been shown in primates (diZerega & Hodgen, 1981) . In primates, the early decline in circulating progesterone is a characteristic of luteal insufficiency and is due to a lack of FSH stimulation during the follicular phase (diZerega & Hodgen, 1981 (1983) could not be consistently correlated with increases in progesterone concentrations. The reasons for these differences are unknown but may be related to differences in gonadotrophin radioimmunoassays and species.
Our results indicate that the LH surge lasts only 1-2 days in contrast to earlier results (Chappel & Schmidt, 1979) . However, considering the sensitivity of the assay and the presence of smaller peaks of LH activity associated with the maximum peak as seen in Fig. 3(g) , it is possible that LH may increase more gradually over several days, but our assay only detects the larger peaks. So far we have detected 9 LH surges, all of which were followed by significant increases in plasma pro¬ gesterone (Fig. 2) . The rapid (over a 24-h period) rise in progesterone from follicular to luteal phase levels has also been observed in the Asian elephant (Hess et ai, 1983) . That progesterone can rise so quickly after the LH surge is somewhat unusual for a large mammal. However, a similar pattern is seen in the horse in which progesterone concentrations increase concurrently or within 24 h after the LH peak (Nett et ai, 1976) . Comparison with the horse is particularly intriguing considering the frequent presence of persistent luteal tissue in the horse (Stabenfeldt et ai, 1975) and in African and Asian elephants (Hanks & Short, 1972; Smith & Buss, 1975) . Further characterization of the normal pattern of LH secretion in the African elephant may provide additional insight into the causes of abbreviated progesterone production. That ovulation occurs at the time of the LH surge(s) has not been confirmed; possibly the second LH surge occurring 3 weeks after the preceding surge of LH either induces ovulation or rejuvenates a premature regressing corpus luteum.
The RIA for LH used in these studies was validated by studying elephant pituitary LH and demonstrating parallelism with the rat LH used as standard. The most purified elephant LH frac¬ tion, PK-2B, was also tested in another RIA which uses a monoclonal antibody against bovine LH (Matteri et ai, 1987b ). This RIA is responsive to virtually every mammalian species of LH and showed PK-2B to be 0-2 as active as NIH-LH-S 18. A similar degree of activity was seen in a radioreceptor assay which used rat testis membranes and horse LH as radioligand.
Serum oestradiol concentrations did not reflect a discernible pattern and could not be corre¬ lated with cyclic events. Since oestradiol concentrations were generally near or below the lower limit of assay sensitivity, characterization of oestradiol secretion in this species awaits development of more sensitive assay techniques.
Preliminary examination of the amorphous mucus-like secretions from the vulvar area of the 3 elephants indicates that when dried it produces a ferning pattern as observed in dried human vaginal secretions (Rydberg, 1949) .
